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,QWURGXFWLRQ
,QPDQ\UHJLRQVLWLVFRPPRQWKDWWKHKDUYHVWRISDSD\DIUXLWVLVDEXQGDQWZKLOHWKHSULFHEHFRPHORZHYHQDQ
LPSRUWDQWSDUWRIWKHKDUYHVWLVXQVROG7RHQFRXUDJHWKHHIIRUWVRISURILW LPSURYHPHQWYDOXHRIWKLVWURSLFDOSODQW
SURGXFWLRQWKHQLWLVUHTXLUHGYDULRXVHIIRUWVE\DSSO\LQJGLYHUVLILFDWLRQRISDSD\DIUXLWVIXQFWLRQERWKIRUIRRGDQG
IRURWKHUVXWLOL]DWLRQ7KHHPSRZHUPHQWRISDSD\D ODWH[ LQDQLPDOQXWULWLRQFRXOGEHFRQWULEXWHG WR WKHVHHIIRUWV
3DSD\D ODWH[ V\QWKHWL]HG E\ SDSD\D SODQW Carica SDSD\D WKDW KDV GULHG LQWR SRZGHU IRUP LV DOVR FDOOHG FUXGH
H[WUDFW SDSDLQ RU SURWHDVHV /L HW DO  1LWVDZDQJ HW DO  KDV ORQJ EHHQ NQRZQ DV D PHDW WHQGHUL]HU
,RQHVFX HW DO 2WKHU XVDJHV LQ EHHU FKLOOSURRILQJ DSSOLFDWLRQV OHDWKHU DQG WH[WLOHV KDV EHHQ UHSRUWHG E\
&KDLZXWHWDO'HVSLWHEHLQJKLJKO\XWLOL]HGZRUOGZLGHIRULWVQXWULWLRQDOTXDOLWLHVWKHHIIHFWRIFUXGHH[WUDFW
SDSDLQDGGLQJLQVHYHUDOSK\VLFDOIRUPVRIUDWLRQRQGLJHVWLELOLW\RIEURLOHUFKLFNHQVKDVEHHQSRRUO\LQYHVWLJDWHG
)LWDVDULKDVDSSOLHGWKHFUXGHH[WUDFWSDSDLQLQEURLOHUGLHWVWRHYDOXDWHWKHVL]HDQGKHLJKWRILOHXPFHOOVDQG
DOVRWRREVHUYHH[WHUQDOSHUIRUPDQFHVRIWKHVHH[SHULPHQWDODQLPDOV7KHVWXG\RIFUXGHSDSDLQLQDQLPDOQXWULWLRQ
LVLQWHUHVWLQJWREHDVVRFLDWHGZLWKWKHSK\VLFDOIRUPRIIHHGLQWKHKRSHWKDWSDSDLQFDQLPSURYHWKHGLJHVWLELOLW\
7KLVSRLQWLVLQOLQHZLWKWKHUHSRUWRI=DQJHWDOSDUWLFOHVL]HDQGIHHGIRUPLVDQLPSRUWDQWIDFWRUWKDWHIIHFW
WKH UHVXOWV RI WKH DQLPDO QXWULWLRQ SURFHVV HYHQ WKRXJK WKH EDODQFH RI QXWULHQWV DQG HQHUJ\ YDOXH RI WKH GLHWV LV
DEVROXWH QHHGHG WR DVVXUH WKH H[WHUQDO SHUIRUPDQFH GHYHORSPHQW RI FKLFNHQ +RXQGRQRXJER HW DO  7R
PDLQWDLQWKHEDODQFHRIQXWULHQWVLQDQLPDOIHHGLQJUHGLHQW153FRXOGEHXVHGDVDUHIHUHQFHIRUWKHQXWULHQW
UHTXLUHPHQWRISRXOWU\,QDGGLWLRQUHVHDUFKUHSRUWIURP3OXPVWHDGHWDOVKRZHGWKDWGLHWDU\PHWDEROL]DEOH
HQHUJ\DQGSURWHLQVWURQJO\LQIOXHQFHGLQDPLQRDFLGVGLHWDU\IRUEURLOHUJURZWK
0DWHULDODQG0HWKRG
2.1. Experimental Design 
1LQHW\VL[PDOHEURLOHUFKLFNHQVVWDUWLQJIURPXQWLOGD\VROGZHUHKRXVHGLQSHQVIRXUFKLFNHQVLQ
SHQ ZLWK D GLPHQVLRQ RI  FP $OO SHQV ZHUH HTXLSSHG ZLWK IHHGHUV DQG GULQNHUV 7KH FKLFNHQ ZHUH
UDQGRPO\ GLYLGHG LQ HLJKW WUHDWPHQWV FRPELQDWLRQ XVLQJ WKH FRPSOHWHO\ UDQGRPL]HG GHVLJQ LQ  ;  IDFWRULDO
DUUDQJHPHQWRIWUHDWPHQWVZLWKWKUHHUHSOLFDWLRQV7KHIDFWRUVZHUHSK\VLFDOIRUPRIUDWLRQPDVK0DQGSHOOHW
3DQGFUXGHSDSDLQH[WUDFW&(3OHYHORIUDWLRQ)HHGDQGZDWHUZHUHVXSSOLHGDGOLELWXP
7KHYDULDEOHVPHDVXUHPHQWZHUHFRQVXPSWLRQRIGU\PDWWHUFUXGHSURWHLQDQGHQHUJ\YDOXHDSSDUHQWGLJHVWLELOLW\
RIGU\PDWWHU FUXGHSURWHLQDQGHQHUJ\YDOXH7KH UDWLRQVZHUH IRUPXODWHGDV VKRZQ LQ7DEOHDQG WKH UDWLRQV
ZHUH DGGHGZLWK FUXGH SDSDLQ H[WUDFW &(3 DFFRUGLQJ WR WKH OHYHO RI WUHDWPHQWV H[FHSWHG LQ WKH FRQWURO
&(3

7DEOH1XWULHQWYDOXHVLQHDFKWUHDWPHQW
7UHDWPHQW
1XWULHQWYDOXHV
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&(3  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
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      
3HOOHW        
&(3      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
&(3  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
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7KHFDOFXODWLRQRIQXWULHQWYDOXHVRIGLHWVZDVEDVHGRQODERUDWRU\DSSUR[LPDWHDQDO\VLV
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7KHDFWLYLW\RISDSDLQZDVPHDVXUHGEHIRUHXVLQJ7RDYRLGWKHSDSDLQGHQDWXUDWLRQWKHGLHWVZHUHGRQHLQHDFK
GD\RIWKHUHVHDUFKSHULRGDQGLQWKHVDPHGD\GHOLYHUHGWRWKHDQLPDOVEDVHGRQWKHTXDQWLW\RIDQLPDO¶VQHHG
2.2. Data collection 
7KHPHDVXUHPHQWRIIHHGFRQVXPSWLRQDQGWKHFROOHFWLRQRIIHFDOH[FUHWDZHUHFRQGXFWHGDORQJWKHIRXUGD\V
EHIRUH WHUPLQDWLQJ WKLV UHVHDUFK REVHUYDWLRQ 7KH GDLO\ H[FUHWD DFTXLUHG ZDV NHSW LQ WKH IUHH]HU DQG WKHQ WKLV
PDWHULDOZDVKRPRJHQL]HGEHIRUHWDNLQJVDPSOHDQGHQWHULQJLQWKHRYHQIRUSUHSDUDWLRQWRWKHGLJHVWLELOLW\DQDO\VLV
'U\PDWHULDOFRQVXPHGFRQ'0ZDVFDOFXODWHGIURPWRWDOGLHWFRQVXPHGDORQJWKHREVHUYDWLRQPXOWLSOLHGZLWKD
TXDQWLW\RI'0DQDO\]HGSHUELUG&UXGHSURWHLQFRQVXPHGFRQ&3ZDVFUXGHSURWHLQFRQWHQWLQGLHWVPXOWLSOLHG
ZLWKWKHFRQVXPSWLRQRI'0(QHUJ\FRQVXPHGFRQ(QZDVREWDLQHGIURPHQHUJ\YDOXHLQWKHGLHWPXOWLSOLHGZLWK
GU\PDWWHUFRQVXPHG7KHDSSDUHQWGLJHVWLELOLW\RIGU\PDWWHU'0ZDVFDOFXODWHGIURPWRWDORIFRQVXPSWLRQRI'0
±WRWDORIIHFDO'0GLYLGHGZLWKWKHWRWDORIFRQVXPSWLRQRI'0DQGPXOWLSOLHG7KHDSSDUHQWGLJHVWLELOLW\RI
FUXGHSURWHLQ &'ZDVREWDLQHG IURP WRWDO RI FRQVXPSWLRQRI&3± WRWDO RI IHFDO&3 GLYLGHGZLWK WKH WRWDO RI
FRQVXPSWLRQRI&3 DQGPXOWLSOLHG 7KH DSSDUHQWPHWDEROL]DEOH HQHUJ\ FRUUHFWHG IRU QLWURJHQ $0(QZDV
REWDLQHGDFFRUGLQJWRWKHHTXDWLRQ
$0(Q *(±G:±1±GW
*( *URVVHQHUJ\SHUNJRIGLHW
G H[FUHWDREWDLQHGRINJGLHWFRQVXPHG
: JURVVHQHUJ\LQNJH[FUHWD
1 WRWDORIQLWURJHQLQNJGLHW
7 WRWDORIQLWURJHQLQNJH[FUHWD
 HQHUJ\RIQLWURJHQYDOXHSHUJUDP.FDO
2.3. Statistical Analysis 
7KHGDWDZHUHDQDO\]HGE\WKH*HQHUDO/LQHDU0RGHO*/0XVLQJ6366VRIWZDUH9DULDEOHVZLWKVLJQLILFDQW)
WHVWV3ZHUHFRPSDUHGXVLQJ/6'WHVW5HJUHVVLRQDQDO\VLVZDVSHUIRUPHGXVLQJWKH([FHOVRIWZDUH

5HVXOWVDQG'LVFXVVLRQV
7KHGDWDVKRZHGWKDWWUHDWPHQWRI&(30JDYHWKHKLJKHVWUHVSRQVHRQDOOHYDOXDWHGSDUDPHWHUVFRQVXPSWLRQ
'0 &3 DQG HQHUJ\ YDOXH ZKLOH WKH ORZHVW ZDV LQ &(33 WUHDWPHQW 7DEOH  7KH UHVXOWV RI DQDO\VLV RI
YDULDQFHVKRZHGWKDWWKHWUHDWPHQWHIIHFWLVKLJKO\VLJQLILFDQW3LQWKHFRQVXPSWLRQRI'0&3DQGHQHUJ\
YDOXH )XUWKHU /6' WHVW VKRZHG KLJKO\ VLJQLILFDQW LQWHUDFWLRQ 3  EHWZHHQ WKH YDULDEOH WHVWHG IRU WKH
FRQVXPSWLRQ
7DEOH7UHDWPHQWVHIIHFWVRQQXWULHQWVFRQVXPSWLRQDQGDSSDUHQWGLJHVWLELOLW\YDOXHV
 0DVK0 3HOOHW3
p  &(3 &(3 &(3 &(3 &(3 &(3 &(3 &(3
  
&RQVXPSWLRQ         
&RQ'0 G H J I D G F E 
&RQ&3 G H J I E G F E 
&RQ(Q G H J I D G F E 
'LJHVWLELOLW\         
'LJ'0 E F G FG D G F E 
'LJ&3 D D D D D D D D !
$0( 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$KLJKHVWFRQVXPSWLRQRI'0&3DQGHQHUJ\YDOXHREWDLQHGXQGHU&(30WUHDWPHQWSHUKDSVGXHWRWKHSDSDLQ
WKDWZDV QRW FRPSOHWHO\ XVHG LQ WKH UDWLRQ DV VXEVWUDWH SULRU WR EH FRQVXPHG E\ FKLFNHQV WKHQZKHQ HQWHULQJ WKH
GLJHVWLYH WUDFW WKH SDSDLQ OHIWZLOO FDWDO\]H GLHWV DQG LQFUHDVH WKH DELOLW\ RI DEVRUSWLRQ$ ORZ FRQVXPSWLRQ RI GU\
PDWWHUFUXGHSURWHLQDQGHQHUJ\YDOXHRIGLHWDVREWDLQHGIURPWUHDWPHQW&(33FRXOGEHFDXVHGE\WKHOHYHORI
SDSDLQH[WUDFWZKLFKGHULYHGIURPWKHSDSD\DODWH[WKDWDIIHFWHGWKHSDODWDELOLW\RIEURLOHUVDQGLQLWVWXUQUHGXFHGWKH
DPRXQWRIFRQVXPSWLRQ7KHDQDO\VLVRIYDULDQFHUHVXOWVVKRZHGWKDWWKHUHZHUHVLJQLILFDQWLQWHUDFWLRQ3IURP
WKHWUHDWPHQWIRUDSSDUHQWGU\PDWWHUGLJHVWLELOLW\DORQJWKHGDWDFROOHFWLRQSHULRG7KHUHZHUHQRVLJQLILFDQWLQWHUDFWLRQ
REWDLQHG3!LQSK\VLFDOIRUPFUXGHH[WUDFWSDSDLQIRUDSSDUHQWGLJHVWLELOLW\RIFUXGHSURWHLQQRU$0(Q
$OWKRXJKWKHDQDO\VLVRIYDULDQFHZDVQRWVLJQLILFDQWGLIIHUHQFHIRUFUXGHSURWHLQGLJHVWLELOLW\KRZHYHU7DEOH
VKRZV WKDW WKH DSSDUHQW SURWHLQ GLJHVWLELOLW\ WHQGV WR EH KLJKHU LQ FKLFNHQV WUHDWHG ZLWK FUXGH H[WUDFW SDSDLQ
DGGLWLRQERWK LQ WKHPDVKDQG LQSHOOHWV IRUPVFRPSDUHG WR WKHDSSDUHQWSURWHLQGLJHVWLELOLW\RIEURLOHUFKLFNHQV
ZLWKRXW&(3WUHDWPHQW7KLVWHQGHQF\LVVLPLODUWRWKHUHVSRQVHIRUDSSDUHQWPHWDEROL]HGHQHUJ\$0(WKDWWHQGV
WREHKLJKHU LQFKLFNHQVWUHDWHGZLWKH[WUDFWSDSDLQDGGLWLRQUDWKHU WKDQLQFRQWUROV7KHDGGLWLRQRIFUXGHH[WUDFW
SDSDLQ LQ GLHW LPSURYHG WKH GLJHVWLELOLW\ RI GU\PDWWHU LPSDFWLQJ D GHFUHDVH RI DSSDUHQW SURWHLQ GLJHVWLELOLW\ DQG
DSSDUHQWPHWDEROL]HGHQHUJ\
7KH VWURQJ FRUUHODWLRQZDV REWDLQHG ERWK LQ GU\PDWWHU DQG HQHUJ\ LQWDNHZLWK WKH WUHDWPHQW RI FUXGH SDSDLQ
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